1. A method is described for the preparation and purification of the RNA from the RNA coliphage ZIK/1. 2. Some of the physical characteristics and infective properties of coliphage-ZIK/I RNA were examined. 3. A method is also described for examining the Infection of Escherichia coli by an RNA bacteriophage has been shown to result in a net synthesis, by the host bacterium, of RNA, protein and DNA (Paranchych & Graham, 1962). The present paper describes a more detailed analysis of the RNA synthesized by E. coli C 3000/L after infection by the RNA coliphage ZIK/1 (Bishop & Bradley, 1965) and also examines some of the properties of the bacteriophage RNA.
1. A method is described for the preparation and purification of the RNA from the RNA coliphage ZIK/1. 2. Some of the physical characteristics and infective properties of coliphage-ZIK/I RNA were examined. 3. A method is also described for examining the type and quantity of RNA synthesized after bacteriophage infection. 4. Ribosome synthesis was decreased 15min. after bacteriophage adsorption, bacteriophage RNA was synthesized from 15min. to 120min. after adsorption and intracellular bacteriophages appeared 40min. after adsorption. Cell lysis commenced 60min. after adsorption, and was half complete 20min. later and 90-95% complete 120min. after adsorption. 5. Cell division continued until 40min. after bacteriophage adsorption. 6. Bacterial ribosomes were conserved during the infective process. 7. Intracellular bacteriophage RNA has sedimentation coefficient 28 s but after cell lysis it has sedimentation coefficient 10-5 s.
Infection of Escherichia coli by an RNA bacteriophage has been shown to result in a net synthesis, by the host bacterium, of RNA, protein and DNA (Paranchych & Graham, 1962) . The present paper describes a more detailed analysis of the RNA synthesized by E. coli C 3000/L after infection by the RNA coliphage ZIK/1 (Bishop & Bradley, 1965) and also examines some of the properties of the bacteriophage RNA.
METHODS
Organisms. Small-scale culture procedures for E. coli strains and the RNA coliphage ZIK/1 were as described by Bishop & Bradley (1965) . Viable counts of bacteria were determined by plating in nutrient agar. Total cell counts were made in a haemocytometer.
For mass culture of coliphage ZIK/1 a medium was prepared containing 0.45% of KH2PO4, 1-05% (w/v) of Na2HPO4,12H20, 0.3% of NH4Cl, 1.5% (w/v) of tryptone (Oxo Ltd., London, S.E.1) and 3.0% (w/v) of glycerol. The pH was adjusted to 7*1 and 2-51. batches in 101. flasks were autoclaved for 30min. at 151b./in.2. To 251. of medium was added lOOml. of an overnight culture of E. coli C3000/L and the culture was incubated at 370 with shaking until the extinction (measured in a Unicam SP. 700 spectrophotometer), read against a blank of the medium alone, rose to 0 4 (equivalent to 2 x 108 bacteria/ml.). Then 30ml. of a sterile 01M-CaCl2 solution, 20mg. of uracil and at least 5 x 1012 bacteriophages were added and the mixture was reincubated. At the onset of lysis, lOg. of EDTA was added, followed, when lysis was complete (as judged by extinction measurements), by 700g. of (NH4)2S04. After the (NH4)2S04 had dissolved, the mixture was left overnight at 4°. The precipitate, which contained 95% of the total 4-5 x 1014 plaqueforming units present in the lysate, was recovered by centrifugation at 14000g for 20min. in a Servall model SS-4 centrifuge (rotor GSA) operated at 4°. The precipitate was homogenized with 50ml. of TM2 buffer [OOlM-tris-HCl buffer, pH7-2, containing MgC12 (0.1 mM)] and dialysed for 18hr. against TM2 buffer with five changes of liquid. To remove DNA present in the lysate (Bishop & Bradley, 1965 ) the bacteriophage suspension was incubated for 60min. with 1 mg. of deoxyribonuclease. The bacteriophages were subsequently recovered by centrifugation for 60min. at 77 OOOg in the Spinco model L ultracentrifuge and suspended in TM2 buffer. About 75% of the initial titre was present as plaque-forming units in this suspension. To purify the bacteriophages further, the procedure of Strauss & Sinsheimer (1963) was adopted. Bacteriophages from several preparations (2.3 x 1015 plaque-forming units) were mixed with CsCl (055g./g. of suspension; density 1I38 + 0 01) and centrifuged at lOOOOOg in the Spinco model L ultracentrifuge (rotor 40) for 24hr. The rotor was allowed to decelerate without the brake and the bacteriophages, seen as a band, were removed with a syringe. The centrifugation was repeated and the bacteriophages were collected by puncturing the base of the tube and collecting 4-drop fractions. The pooled bacteriophage fractions (4.5 x 1014 plaque-forming units) were dialysed at 40 against TM2 buffer for 18hr. with five changes of liquid.
Extraction of coliphage-ZIK/1 RNA. The procedure adopted for the extraction of RNA from the RNA coliphage ZIK/1 was based on those of Paranchych (1963) , Knolle & Kaudewitz (1962) and Kirby (1962 Fraenkel-Conrat, Singer & Tsugita (1961) , and 0-1ml. of aq. 1% (w/v) naphthalene-1,5-disulphonate solution. The mixture was homogenized for lOmin. at 40 and then 3ml. of cold redistilled phenol (containing 0.1% of 8-hydroxyquinoline) saturated with TM2 buffer (containing 0-2% of naphthalene-1,5-disulphonate) was added (Kirby, 1962) . This mixture was homogenized at 40 for 8min. and the resultant emulsion centrifuged at 40 for 15min. at 6000g in an MSE Magnum refrigerated centrifuge. After the aqueous phase had been carefully removed, an additional 5ml. of TM2 buffer containing 0.2% of naphthalene-1,5. disulphonate was added to the phenol layer and the extraction process repeated. The two aqueous phases were combined and 25ml. of the ethanol (at -20°) was added. The mixture was left at -20°for 3hr., after which the precipitate was recovered by centrifugation at 6000g for 15min., dissolved in lOml. of 0 01 M-tris-HCl buffer, pH7-0, and precipitated twice more by the same procedure. Finally, the RNA was dissolved in 5ml. of 00Olm-tris-HCl buffer, pH7-0, and centrifuged at 75000g for 2hr. in the Spinco model L ultracentrifuge to remove insoluble material and residual bacteriophages. The supematant was carefully removed and recentrifuged twice more at 75000g. The resultant clear solution was found to be free of bacteriophages and contained 490,ug. of RNA/ml., less than lOg. of DNA/ml. and less than lOteg. of protein/ml., as determined by the procedures described by Nisman, Fukuhara, Demailly & Genin (1962) , and had extinctions 4*5,12-5 and 4-7 at 230,260 and 280m,u respectively. It also contained 46,ug.
of phosphorus/ml., as determined by the method of King & Wooton (1946) ; consequently, it was calculated that the extinction coefficient of the RNA in 0-01 M-tris-HCl buffer, pH7-0, at 260m,u was 8400± 100/g.atom of phosphorus.
The RNA solution was stored at 40 until used.
Spheroplasts. These were prepared according to the procedure of Bishop, Roche & Nisman (1964) and by a modification of the method of Mahler & Fraser (1959) Spheroplasts prepared by both procedures were washed twice with 0-6 M-sucrose in 0-1 M-tris-HCl buffer, pH 7.0, and finally suspended at a concentration of 1010/ml. in the same solution.
Spheroplast infection by coliphage-ZIK/I RNA. Before infection, bacteriophage RNA was disaggregated to preincubation at 370 for 20min. (Paranchych, 1963 Sucrose-gradient sedimentation, alkaline hydrolysis and base-ratio determination by paper chromatography. All these procedures were as described by Bishop & Bradley (1965 Fig. 5 . The major fractions of the gradient are also indicated.
At least 96% of the total acid-insoluble 32P-labelled material is RNA in the 90-70 s fractions from sucrose gradients of bacterial lysates prepared as described above (Bishop & Bradley,1965) . This was confirmed by incubating the 90-70s acid-insoluble radioactive material from gradients with 20j1g. of ribonuclease for 60min. at 370, and redetermiiing the residual acid-insoluble radioactive material. Provided that lysates had been preincubated with deoxyribonuclease before sedimentation, at least 97% of the 32P-labelled acid-iinsoluble material in the 70-20s fractions and at least 95% of the 20-Os fractions were ribonuclease-sensitive, whether they were prepared before or after bacteriophage infection. It was assumed, in the experiments described, that predominantly the 90-70s fractions contained bacteriophages, the 70-40s fractions contained 50s ribosomes, the 40-20s fractions contained 30s ribosomes and the 20-Os fractions contained transfer and other 'soluble' RNA (Bishop & Bradley, 1965) .
For experiments designed to determine the base ratios of 20-Os RNA, it was desirable to preserve the 70s ribosomes and to separate the 20-0 s RNA from 30 s ribosomes. Lysates in 0 01 M-MgC12 were therefore prepared ultrasonically from infected and non-infected bacteria, labelled with 32p or with 14C and 32p as described above, and were not diluted before treatment for 60min. at 370 with lmg. of deoxyribonuclease/ml. and sedimentation in a gradient of sucrose in TM I buffer.
Base ratios were determined on the 35-25 s or 20-0 s RNA fractions of sucrose gradients and are expressed as percentages of the total radioactivity present in the four ribonucleotides.
Extraction of ribosomal and total RNA, and sedimentation in a sucrose gradient. The procedures used for phenol and sodium lauryl sulphate extraction of RNA from purified ribosomes and from infected cells and sedimentation of the RNA in a gradient of sucrose were as described by Bishop et al. (1964) . The 35-25s RNA from infected cells was used for determination of the base ratios.
Measurement of radioactivity. Acid-, ethanol-and etherinsoluble radioactive material was determined on material labelled with both 14C and 32p by precipitating with 2vol.
of 10% (w/v) trichloroacetic acid the 1 ml. samples of the diluted incubation mixture, or fractions from sucrose gradients. The precipitate was filtered on 2cm. Oxoid membrane filters (Oxo Ltd.) and washed thrice with 5ml. of 10% trichloroacetic acid, then twice with 5ml. of ethanolether (2:1, v/v) and once with 5ml. of ether. The filters were allowed to dry and, while still flat, placed in scintillation vials containing 5ml. of scintillation fluid (Bishop & Bradley, 1965) . The filters remained flat in the vials and were observed by their transparency to be water-free.
For the determination of the total 14C radioactivity in bacteria before inoculation with bacteriophages, 1 ml. samples, diluted 100-fold in TM 1 buffer, were filtered through 2cm. Oxoid membrane filters and washed thrice with 5 ml. of nutrient broth containing 0 1 mg. of unlabelled uracil/ml. The filters were then washed twice with distilled water and allowed to dry in a warm current of air (400) In experiments in which 32p was the only radioactive isotope used, the spectrometer was set as described by Bishop & Bradley (1965) . All counts were corrected for background radiation. When only 14C was to be counted, the discriminator was set at 50-1000 and gain at 10%.
RESULTS
Properties of coliphage-ZIK/l RNA Hydrogen-bonding. The reaction of coliphage-ZIK/1 RNA with 2.0% formaldehyde required 4-5hr., and the extinction at 260mu increased by 20% (Fig. 1) .
The melting of coliphage-ZIK/1 RNA at two salt concentrations and various temperatures was also followed by extinction measurements at 258m,u (Fig. 2) . In 0 14M-sodium chloride in OOlM-trishydrochloric acid buffer, pH7f0, the midpoint of melting, T, was 600. This Tm was affected neither by the addition of EDTA (final concn. 0.3mM) nor by the addition of magnesium chloride (final concn. 0-01 M). At a salt concentration of 0 02 M-sodium chloride in 1Omm-tris-hydrochloric acid buffer, pH 7 0, the Tm was 460. After heating samples at 90°f or lOmin., cooling and remelting, the melting at both salt concentrations was found to be reversible.
Infection of E. coli spheroplast. Freshly extracted coliphage-ZIK/1 RNA was diluted in I Omm-trishydrochloric acid buffer, pH 7 0, containing EDTA (3mM) and allowed to infect spheroplasts prepared for various E. coli strains ( Vol. 97 19 infect spheroplasts from bacteria normally resistant (WF-) or that had been isolated as a resistant mutant (C3000/RF) to the bacteriophage (Bishop & Bradley, 1965) . This property has also been observed by Knolle & Kaudewitz (1962) , Fouace & Huppert (1962) and Paranchych (1963) . It was also found that, provided the infected spheroplasts were diluted 20-fold, a linear relationship existed between the amount of RNA used to infect the spheroplasts and the number of plaques obtained. It was necessary to dilute the incubation mixture to decrease the number of residual host-strain bacteria, as the efficiency ofspheroplast formation by the lysozyme-EDTA method was never more than 80-90% (as determined by viable counts). Plating infected spheroplasts from strain C 3000/RF or WF-on the host bacterium did not give rise to plaques. Spheroplasts prepared by the penicillin procedure 9-8,g./ml., was followed in a Unicam spectrophotometer with a sealed 1 cm. silica cell whose temperature was regulated by a cell holder in which water circulated. The relative increase in extinction at 258m,u was determined at various temperatures.
(99.99% efficiency of spheroplast formation) were not as efficiently infected by coliphage-ZIK/1 RNA as those prepared by the lysozyme-EDTA method. When lOm,ug. of preincubated coliphage-ZIK/1 RNA was incubated with 1010 penicillin-produced E. coli C 3000/L spheroplasts under standard conditions, the plaque count obtained on plating with E. coli C 3000/L was 4080 (cf. Table 1) .
When lOm,ug. of coliphage-ZIK/1 RNA was suspended in 0-5ml. of 0-5m-sucrose in 1-Omm-trishydrochloric acid buffer, pH 7-0, containing EDTA (3mM), and allowed to infect lysozyme-produced E. coli C 3000/L spheroplasts, as described above, the plaque yield after infection was 40 (cf. Table 1 . Infection of E. coli spheroplats by coliphage-ZIK/l RNA A 0-5ml. sample of preincubated coliphage-ZIK/1 RNA preparation in 1OmM-tris-HCl buffer, pH7-0, containing EDTA (3 mm) was added to 1 ml. of spheroplasts, prepared by the lysozyme-EDTA procedure, incubated for min. at 37', diluted and homogenized with 18-5ml.of0-6M-sucrose inOOl M-tris-HCl buffer, pH7-0, containing spermidine (Imm), and lml. was plated with E. coli C3000/L, with 0-8% nutrientagarcontaining sucrose (0-6M).
Controls of coliphage-ZIK/l RNA incubated similarly with bacteria alone were also run. Plaque counts were corrected for the dilution.
Plaque of disintegrating bacteria had to be devised that was quick, reproducible and did not injure the main RNA fractions. The procedure chosen was that of ultrasonic disintegration. Before disintegration, 88% of the total acid-insoluble 14C radioactivity was rendered soluble by incubation in TM 1 buffer at 370 for 60min. with 100 ,tg. of ribonuclease, and 6% was rendered soluble by incubation with 100,ug. of deoxyribonuclease. Fig. 3 shows the fate of the 14C-labelled material at various times of ultrasonic disintegration in the presence of OO1M-magnesium chloride and also shows the concommitant loss of bacterial viability. After counting the remaining radioactivity, the membrane filters were incubated at 37°for 60min. with 1OO,g. of ribonuclease with or without 100,ug. of deoxyribonuclease in 1 ml. of TM2 buffer. After incubation, the residual radioactivity was redetermined.
At least 99% of the counts remaining after disintegration was rendered soluble by both nucleases, whereas 95-99% of the counts after 0-40sec. disintegration and at least 99% of the counts after 50-120sec. disintegration were rendered soluble by ribonuclease alone. One-tenth of the total counts was rendered soluble during the first 40sec. of disintegration but this amount did not change appreciably during the subsequent 80sec. of disintegration.
These experiments showed that at least 90% of the 14C-labelled material was RNA and at least 6% DNA. Ultrasonic treatment selectively disintegrated DNA and perhaps a small RNA fraction. Whether this small RNA fraction was of ribosomal origin could not be determined. However, as most of the cell RNA is present in ribosomes it was apparent that the bacterial ribosomes were stable to the ultrasonic treatment used under the conditions of these experiments. This was confirmed during the analysis of cell RNA liberated from infected bacteria.
Analysis of the RNA synthesized after bacteriophage infection To separate 80s bacteriophages from E. coli ribosomes present in a cell lysate, advantage was taken of the fact that, in 0 2mM-and 0-1mM-magnesium chloride, 70s ribosomes dissociate into 50s and 30s particles (Tissieres, Watson, Schlessinger & Hollingworth, 1959; Bishop & Bradley, 1965) .
The fate and type of RNA synthesized before and after bacteriophage adsorption was examined by disintegrating with ultrasound in the presence of 001 M-magnesium chloride, infected and noninfected bacteria (grown in [32P]orthophosphate), removing bacterial debris by centrifugation, diluting the supernatant in 0-1 mM-magnesium chloride, incubating with deoxyribonuclease and sedimenting in a sucrose gradient. The total amounts of radioactivity (present as RNA; see the Methods section) in the 90-70s fractions (containing bacteriophages), 70-40s fractions (containing 50s ribosomes), 40-20s fractions (containing 30s ribosomes) and 20-Os fractions (containing transfer and other RNA) were determined after the gradient had been fractionated (continuous lines in Fig. 4) . On the basis of the 32p contenit the ratio of 70-40s to 40-20s material present after diluting the supernatant of ultrasonically disrupted uninfected bacteria with TM2 buffer was about 2:1. Although no correction was made for the overlap of particles in the gradient, this ratio agrees reasonably well with that found for 50s and 30s particles from purified 70s particles (i.e. 2-5:1; Tissieres et al. 1959) . The uncorrected ratio for 70-40s to 40-20s ribosomes, namely 2:1, was also found for bacterial ribosomes liberated by lysing bacteria after bacteriophage infection. It was assumed therefore that ultrasonic disintegration of bacteria did not substantially alter the ribosome composition. The liberation, by lysing bacteria, of ribosomes, viable bacteriophages and other RNA was also examined by a similar procedure except that the culture was not treated with ultrasound (broken lines in Fig. 4) .
Ribosome synthesis was exponential in the period preceding bacteriophage infection and continued at Time (min.) Fig. 4 . Analysis of the synthesis of bacteriophages and RNA before and during bacteriophage infection. Bacteria were grown for 3 hr. in the presence of [32P]orthophosphate, treated at zero time with bacteriophages (multiplicity of infection 10) and CaCl2 and 15min. later with MgCl2 (final concn. 0-01 M) and allowed to lyse. Samples were removed periodically and the extinction at 600 m,u and total cell count were determined. Bacteria and bacterial debris were removed by centrifugation and the supernatant was diluted 100-fold with TM2 buffer. To determine the total bacteriophage count and analyse the total 32P-labelled RNA, duplicate samples were treated with ultrasound before the removal of bacterial debris. The samples in TM2 buffer were incubated for 45min. at 370 with 50,ug. of deoxyribonuclease/ml. and then 1 ml. samples were sedimented on a gradient of sucrose. Fractionation of the gradient, determination of the acid-insoluble 32P-labelled material and bacteriophage content of the supernatant before dilution in TM2 buffer were as described by Bishop & Bradley (1965) . the same rate until 10-15min. after infection, when the ra.te of 32p incorporation into ribosomes decreased substantially and stopped by lOOmin. after infection. Bacterial lysis began 60min. after infection, as judged by the liberation of 50s or 30s ribosomes and the liberation of viable or 32p_ labelled bacteriophages or 20-Os RNA into the culture medium. There was also a fall in total cell count and extinction at 600m,u. Lysis was about 50% complete 20min. later and 90-95% complete 120min. after infection. The intracellular appearance of viable and 32P-labelled bacteriophages commenced about 40min. after infection. At 80min. after infection, when 50% of the bacteria had lysed, the synthesis of viable bacteriophages was 33% complete (by comparison with the total number of viable or 32P-labelled bacteriophages present in the artificially or naturally lysed culture at 120 or 200min. after infection). This suggested that the bacterium for which lysis is delayed, for one reason or another, liberates more bacteriophages/cell than those in which lysis occurs earlier.
The incorporation of 32p into 20-Os RNA was exponential from before infection until 10-15min. after infection, when the rate decreased and maintained a decreased rate until about 120min. after infection. However, the decreased rate of synthesis of 20-Os RNA from 10-15min. after infection was substantially higher than the incorporation of 32p into ribosomes in the same period preceding infection (Fig. 4) . Most of the 32p incorporated into the 20-Os fraction was sedimented in the 10-5 s fraction.
The extinction and total cell count of the incubation mixture during infection is also given in Fig. 4 , together with those of a control non-infected culture. Cell division continued until 40min. after adsorption, and the extinction increased until 60min. after adsorption.
The base ratios (+ S.E.M.) of the 20-Os RNA fractions from artificially broken uninfected bacteria (in O OlM-magnesium chloride), calculated from 15 analyses of fractions from three separate gradients, were 28-8 (±+ 04), 21-0 (± 0-4), (±+ 03) and 34-7 (± 0-3) for cytosine, adenine, uracil and guanine respectively. The base ratios (± s.E.M.) of the 20-Os RNA fractions from lysates of infected bacteria (in O OlM-magnesium chloride), calculated from 17 analyses of fractions from three separate gradients, were 25-3 (± 0-4), 23-2 (± 0-4), (± 0-3) and 25-8 (± 0-3) for cytosine, adenine, uracil and guanine respectively. Though it was apparent that the base ratios for 20-Os RNA from lysates of infected bacteria differed from the base ratios of RNA isolated from uninfected bacteria, it was also observed that they were dissimilar to coliphage-ZIK/I RNA (Bishop & Bradley, 1965 added. Incubation was continued until lysis was complete. The total 14C incorporated into the 90-70s, 70-40s, 40-20s and 20-Os RNA fractions was, within experimental error, constant from 20min. before to 200min. after infection. The percentages (±s.E.M.) of the total acid-insoluble 14C-labelled material recovered from a gradient were 4 (± 2), 46 (± 2), 23 (± 1) and 21 (± 1) for artificially lysed infected and non-infected bacteria from 20min. before to 200min. after infection, for 90-70s, 70-40s, 40-20s and 20-Os RNA fractions respectively (Fig, 5) . For extracellular RNA the percentageswere 4 (±2), 43 (±2), 21 (± 1) and 23 (±2) for the same fractions from 60 to 200min. after infection. In view of the observation that the amount of 14C present in the 90-70s region was similar for samples of uninfected and infected bacteria, and that a small overlap of the 50s material occurs in the 90-70s region (Bishop & Bradley, 1965) , it was apparent that the incorporation of 14C-labelled material into bacteriophages was negligible.
The incorporation of 32p into 90-70s, 70-40s, 40-20s and 20-Os RNA is shown in Fig. 6 . It was observed that incorporation into 70-40s, 40-20s and 20-Os RNA from 15min. to 50min. after infection was linear. The incorporation of 32p into bacteriophages commenced about 40min. after infection and was not linear (Fig. 6) Fig. 7 . Sucrose-gradient sedimentation of RNA extracted from infected bacteria. Bacteria were labelled and infected as described in Fig. 5 . RNA was extracted 60 min. after the addition of the bacteriophages by the sodium lauryl sulphate-phenol method and DNA removed by treatment with deoxyribonuclease (Bishop et al. 1964) . Sedimentation on a 20-5% (w/v) sucrose gradient was as described by Bishop et al. (1964) . The acid-insoluble radioactive material was determined after fractionation of the gradient (see the Methods section): 14C-labelled material (@); 32P-labelled material (o).
The base ratios of the 20-Os RNA were also determined in the experiment in which [32P]orthophosphate was added 15min. after bacteriophage infection. Samples from cultures lysed by infection in the presence of 001Xm-magnesium chloride were sedimented in a gradient of sucrose in TM 1 buffer, fractionated and the 20-Os fractions analysed. The base ratios (+ S.E.M.) of the 20-Os RNA, calculated from 15 analyses, were 24-2 (±0 4), 23-5 (±0 4), 27-9 (± 0 3) and 24-4 (± 0 3) for cytosine, adenine, uracil and guanine respectively. These base ratios are, within experimental error, similar to those obtained by Bishop & Bradley (1965) for coliphage-ZIK/1 RNA.
To determine whether, before lysis, the intracellular bacteriophage RNA had sedimentation coefficient 10-5s, the total RNA was extracted, with sodium lauryl sulphate, from infected cells 60min. after bacteriophage adsorption. The (Fig. 7) , 80% of the total 32P-labelled RNA sedimented in the 28 s region (calculated after correction for the 23s ribosomal RNA) and had base ratios similar to those of coliphage-ZIK/I RNA. The ribosomal RNA sedimented at 23 and 16s and was labelled by both 14C and 32p. The amount of 32P-labelled 10-5s RNA was about 8% of the total 32p label.
The extracellular 10-5s RNA found in lysates of ultrasonically disintegrated cells or cells lysed after infection was therefore a result of lysis and mostly originated from intracellular 28s RNA.
Cell lysis in the absence of magnesium chloride
The purification procedure originally used for RNA bacteriophages (Bishop & Bradley, 1965) might not be expected to remove ribosomes from the bacteriophages. However, purified bacteriophage preparations contained very few ribosomes. To examine this point, bacteria were grown in [32P]_ orthophosphate, infected and allowed to lyse as described above except that no magnesium chloride was added to the culture. The recovery and incorporation of 32p into 70-40s and 40-20s RNA from artificially lysed cultures was similar to that shown in Fig. 6 until 60min. after bacteriophage adsorption, when the recovery of 32P-labelled material in these fractions began to decrease with time. At 80min. after adsorption it was 50% of the 60min.
value and at 120min. and 200min. it was 10% of the 60min. value. The maximum 70-40s and 40-20s RNA recovered for naturally lysed cultures was never more than 10% of the 60min. value obtained from artificially lysed cells. The recovery and incorporation of 32p into 90-70s and 20-Os RNA throughout the whole infective process was similar to that shown in Fig. 6 . Therefore, when cell lysis was allowed to proceed in the absence of OO1 Mmagnesium chloride, 90% of the cell ribosomes were broken down.
DISCUSSION
Properties of coliphage-ZIK/l RNA. Comparison of coliphage-ZIK/1 RNA with coliphage-MS 2 RNA (Strauss & Sinsheimer, 1963) shows that there are certain similarities: the sedimentation coefficient, extinction coefficient, reaction with formaldehyde and reversible melting properties. However, the extent and time of reaction with formaldehyde, 4-5hr. for coliphage-ZIK/1 RNA as opposed to 12-14hr. for coliphage-MS 2 RNA, the different Tm values and relative melting of coliphage-ZIK/1 RNA confirm the previous observation that coliphage-ZIK/1 RNA has different properties (Bishop & Bradley, 1965) . Fresco (1963) has postulated that the Tm of single-stranded RNA is directly related to the statistical probability of its containing guaninecytosine pairs, inversely related to the statistical probability of its containing adenine-uracil pairs, but not related to any other base pairs. By comparison with the T,m of various RNA samples (Fresco, 1963) , coliphage-ZIK/I RNA and coliphage-MS 2 RNA have Tm values close to that predicted from their guanine-cytosine contents. It seems probable therefore that the differences be-24 1965
